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(54) RESIST PATTERN FORMING METHOD AND DEVELOPING DEVICE 

(57)Abstract: 

PURPOSE: To provide a resist pattern forming method by which 
the collapse of a resist pattern is not caused and to provide a 
developing device. 

CONSTITUTION: Development is carried out with a developer 5, 
this developer 5 is rinsed out with a liq. rinse 6 and this rinse 6 is 
converted into a solid phase 7 and sublimed. In other way, 
development is carried out with a developer, this developer is 
rinsed out with a liq. rinse and a liq. substitute is substd. for the 
rinse, converted into a solid phase and sublimed. The collapse of a 
resist pattern, especially a dense fine resist pattern or a resist 
pattern having a high aspect ratio can be prevented. 
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CLAIMS 



[Claim(s)] 

[Claim I] The resist pattern formation approach characterized by having the process which exposes a 
desired pattern on the resist film, the process which solid-phase-izes the rinse which adhered this resist 
film in a development and the process which carries out rinse processing, and this rinse processing, and 
the process which dries a rinse by making this solid-phase-ized rinse sublimate. 

[Claim 2] It is the resist pattern formation approach characterized by performing the above-mentioned 
sublimation by the bottom of reduced pressure, or the vacua in the resist pattern formation approach 
according to claim 1 . 

[Claim 3] It is the resist pattern formation approach characterized by the above-mentioned rinse being the 
3rd butyl alcohol (tert-butyl alcohol) in the resist pattern formation approach according to claim 1. 
[Claim 4] It is the resist pattern formation approach characterized by being made by cooling solid phase- 
ization of the above-mentioned rinse in the resist pattern formation approach according to claim 1. 
[Claim 5] It is the resist pattern formation approach characterized by being made when solid phase-ization 
of the above-mentioned rinse makes an ambient atmosphere reduced pressure or a vacuum in the 
formation approach of a resist pattern according to claim 1 . 

[Claim 6] The resist pattern formation approach characterized by having the process which exposes a 
desired pattern on the resist film, the process which permutes the rinse which adhered this resist film in a 
development and the process which carries out rinse processing, and this rinse processing by the rinse 
displacing solution, the process which solid-phase-izes this displacing solution, and the process to which 
this displacing solution is made to sublimate. 

[Claim 7] It is the resist pattern formation approach characterized by performing sublimation of the solid- 
phase-ized above-mentioned displacing solution by the bottom of reduced pressure, or the vacua in the 
resist pattern formation approach according to claim 6. 

[Claim 8] The resist pattern formation approach characterized by the above-mentioned displacing solution 
being the 3rd butyl alcohol in the resist pattern formation approach according to claim 6. 
[Claim 9] It is the resist pattern formation approach characterized by solid phase-ization of the above- 
mentioned displacing solution being made by cooling in the resist pattern formation approach according to 
claim 6. 

[Claim 10] It is the resist pattern formation approach characterized by being made when solid phase- 
ization of the above-mentioned displacing solution makes an ambient atmosphere reduced pressure or a 
vacuum in the resist pattern formation approach according to claim 6. 

[Claim 1 1] The developer characterized by having a means to irradiate light into a rinse process in the 
developer which uses a means to develop the resist on a substrate, and a means to dry the means and this 
rinse which remove a developer and the dissolved resist by the rinse as a basic component with a 
developer. 

[Claim 1 2] It is the developer characterized by being the light of the wavelength region where the above- 
mentioned light stiffens the above-mentioned resist in a developer according to claim 1 1. 
[Claim 1 3] It is the developer characterized by being the light of a wavelength region which raises the 
crosslinking density of the above-mentioned resist in a developer according to claim 1 1 as for the above- 
mentioned light. 

[Claim 14] It is the developer characterized by leading the above-mentioned light to the development 



section of a resist from the light source with an optical fiber in a developer according to claim 1 1. 
[Claim 15] The developer characterized by preparing a heat ray cutoff filter between the above-mentioned 
light source and the above-mentioned development section in a developer according to claim 14. 
[Claim 16] It is the developer characterized by performing the above-mentioned light during dropping 
processing of the above-mentioned rinse in a developer according to claim 11 to 15. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the developer used for the resist pattern formation 
approach in manufacture of ULSI, a semiconductor device, a surface acoustic wave device, the quantum 
effectiveness component, a superconductive element child, micro machine parts (micro gear etc.), 
electronic-circuitry components, a photoelectron component, etc., and its manufacture, and relates to the 
formation approach of a pattern and developer which prevent effectively the failure by the detailed pattern 
or the pattern at the time of the high pattern formation of an aspect ratio especially. 
[0002] 

[Description of the Prior Art] Limit detailed resist pattern formation is called for with the demand of high 
integration of ULSI. Resist pattern formation with a current lower limit of 0.2 micrometers - 0.3 
micrometers is considered briskly, and there is also a thing for 0.1 micrometers in ultramodern research. 
Moreover, ED which forms the very high resist pattern of an aspect ratio (height/width of face) using the 
thick resist (for example, 100 micrometers) of thickness is also furthered for micro machine production. 
[0003] A resist pattern forms by performing development, after applying and exposing a resist on a 
substrate. Various line sources, such as far-ultraviolet light with excimer laser light, such as ultraviolet 
radiation, such as g line and i line, and KrF, ArF, a Xe-Hg lamp, etc., an electron ray, a charged particle, and 
an X-ray, are used for the exposure light source. It is not based on the exposure light source, but the wet 
developing-negatives method using the developer of a liquid is mainly used for development. The wet 
developing-negatives method has a simple process, and it is the contamination and little processing of a 
foreign matter by the detergency of a rinse. 

[0004] Drawing 3 shows an example of the conventional resist pattern formation process which enforces 
the wet developing-negatives method at the time of resist pattern development. That is, as shown in this 
drawing (a), apply a resist 32 on a substrate 31, the mask 33 with which the desired pattern was formed as 
shown in this drawing (b) below is made to approach, and this pattern is exposed. Or this pattern is 
exposed through a lens (with no graphic display). As this exposure light 34, ultraviolet radiation, far- 
ultraviolet light, an X-ray, an electron ray, a charged particle, etc. are used. Furthermore, resist pattern 32a 
is formed using the dissolution rate difference over the developer 35 of the resist [ in / this resist 32 is 
dipped in a developer 35 like, and / a sensitization field and a non-exposing field ] 32 shown in this drawing 

(c) . And the resist dissolved in the developer and this developer by the rinse 36 as shown in this drawing 

(d) is flushed. As finally shown in this drawing (e), a rinse is dried and resist pattern 32a is completed. This 
desiccation is usually performed by the spin desiccation which rotates at high speed and performs a 
substrate 31. 

[0005] Next, the conventional wet developer is explained. The typical configuration is shown in drawing 4 . 
Conventional equipment consists of resist developer supply and the regurgitation device 41 , rinse supply 
and a regurgitation device 42, wafer adsorption and a rolling mechanism 43, a wafer conveyance device (not 
shown), and exhaust air and the drain section 44. Development actuation is made as follows. The wafer to 
which the resist was attached first is conveyed by the conveyance system, it carries on a wafer adsorption 
base, and a wafer 45 is adsorbed and fixed. Next, a developer is dropped and a developer is piled on a 
wafer. At this time, a wafer is rotated at a low speed, and, generally the approach by which a developer is 
piled in homogeneity all over a resist for a short time is used. Temperature control of the developer is 



berried out and it prevents lowering of poor resolving by temperature variation, and dimensional accuracy. 
A developer stops a revolution of a wafer after ********** sufficient on a wafer, stops dropping of a 
.developer further, and develops negatives in the condition about 1 to 2 minutes. The resist which breathed 
out the rinse to the wafer after that and was eluted in the developer or the developer is flushed. It carries, 
out, while this process generally also rotates a wafer. Moreover, generally the regurgitation of the rinse is 
carried out to the shape of the shape of a shower, and a spray. A developer and the waste fluid of a rinse 
are discharged from the drain section 44. After performing a rinse about 10 to 60 seconds, the high-speed 
revolution of the wafer is carried out, and a rinse is dried. Thus, the wafer which finished the development 
is taken out by the conveyance system, and a series of processings are ended. 

[0006] in addition, the conventional development approach — for example, 2253 pages (1988) and VLSI 
manufacture from 2249 pages of a jar NARUOBU vacuum Science Technology (J. Vac. Sci. Technol.) B6 
volume — it is indicated by 97 pages from 92 pages of - testing-device guidebook 1993 edition electronic 
ingredient November issue separate volume Kogyo Chosakai Publishing Co., Ltd. (November 20, 1992 
issuance), moreover, the above-mentioned VLSI manufacture about the conventional developer — it is 
indicated by 97 pages from 92 pages of - testing-device guidebook 1993 edition electronic ingredient 
November issue separate volume Kogyo Chosakai Publishing Co., Ltd. (November 20, 1992 issuance). 
[0007] 

[Problem(s) to be Solved by the Invention] The resist pattern formed using the conventional development 
approach had the problem that a detailed pattern (for example, 0.1 micrometers) fell. Moreover, there was 
also a problem that the high resist pattern of an aspect ratio fell, as [ lean / the pattern which approached 
crowds and / the failure by the pattern which happens here / be ] — it falls and comes out. This example 
is shown in 51 of drawing 5 R> 5. 

[0008] Since a desired resist pattern cannot be formed if there is a failure by such pattern, yield lowering 
of the product which it is going to make, and dependability lowering are caused. Although it is necessary to 
arrange a detailed pattern at detailed spacing while a detailed pattern is needed if a component tends to be 
accumulated on high density or it is going to make a compact product, it becomes impossible to make 
target accumulation so that high or compact product by the failure by the pattern. 

[0009] It is originated in view of a problem as shown in the above of the conventional technique, and this 
invention tends to offer the resist pattern formation approach and developer for forming without the failure 
by the pattern the resist pattern formation approach and developer which can prevent the failure by the 
resist pattern effectively especially the dense detailed resist pattern, or the high resist pattern of an 
aspect ratio. 

[0010] In addition, the phenomenon analysis of the failure by the pattern is indicated by collection 509- 
page (1993) announcement number of 40th applied-physics relation union lecture meeting drafts 29 p-L -3, 
trouble applying [ of the failure by the resist pattern ] it to 2958 pages (1992) from 31 -volume 2954 pages 
of Japanese journal OBUAPURAIDO physics (Jpn. J. Appl.Phys.). 
[0011] 

[Means for Solving the Problem] The 1st means performs the process developed with a developer, the 
process which carries out the rinse of the developer by the rinse of a liquid, the process which makes a 
rinse solid phase, and the process to which the rinse which became this solid phase is made to sublimate 
one by one about an approach. Or the process developed with a developer, the process which carries out 
the rinse of the developer by the rinse of a liquid, the process which permutes this rinse with the displacing 
solution of a liquid, the process which makes this displacing solution solid phase, and the process to which 
the displacing solution which became this solid phase is made to sublimate are performed one by one. The 
above-mentioned technical problem is solved by the above-mentioned process. In addition, when 
performing high-speed processing, in case the rinse solid-phase-ized [ above ] or the solid-phase-ized 
displacing solution is made to sublimate, it considers as reduced pressure. 

[0012] About a developer, when hardening or a resist is a bridge formation system ingredient about the 
device in which the resist on a wafer is developed with a developer, the device in which a developer and 
the dissolved resist are removed by the rinse, and a resist, let the 2nd means be the developer which has 
the device which irradiates into a rinse the light which has wavelength which raises crosslinking density, 
and the device in which this rinse is dried. The above-mentioned technical problem is solved by this optical 
exposure device. 

[0013] Moreover, it considers as the device in which passing a rinse is continued during this optical 



exposure. Lifting and temperature instability of developer section temperature accompanying this optical 
exposure are prevented by this. Moreover, the light source is isolated, the location, i.e., the development 
aection, which is performing resist development, and a fiber draws out light. Furthermore, a heat ray cutoff 
filter is prepared in the middle of a fiber. 
[0014] 

[Function] The force of generating the failure by the resist pattern when a rinse dries, and starting the 
failure by the pattern is the surface tension of a rinse. This force is generated when a rinse interface 
shows up between resist patterns, as the rinse got dry, and while the whole resist pattern is submerged in 
the rinse, this force does not act. 

[0015] After performing the rinse enough and removing a developer and a resist melt enough, this rinse is 
made to solid-phase-ize with the 1st means of this invention, where a resist pattern is immersed in a rinse. 
There are an approach of putting a wafer on low temperature as an approach of making it solid-phase- 
izing, the approach of making an ambient atmosphere reduced pressure or a vacuum, lowering temperature 
with heat of vaporization, and making it solid-phase-ize, etc. Since a rinse does not take out a face with 
this condition between patterns, surface tension is not committed. A volume change is caused when solid- 
phase-izing depending on a rinse. Since the force works between patterns by that cause, a volume change 
is chosen as a lifting, and a pile ingredient is chosen as a rinse, or it is made to freeze in ****** uniformly 
all over a wafer at the beginning of freezing. As a pile ingredient, the ingredient of an alcoholic system is in 
a lifting about the volume change by freezing, since the melting point solid-phase-izes especially the 3rd 
butyl alcohol (tert-butyl alcohol) 25.4 degrees C and near ordinary temperature and the volume change at 
the time of a parenthesis is small — usage — **** — it is a good ingredient. This solid-phase-ized rinse 
is made to sublimate after that. That is, it gasificates, without passing through the liquid phase from solid 
phase, if the solid-phase-ized rinse sublimates — on the way — the force committed to the interface of a 
resist pattern and the solid-phase-ized rinse although it comes out and a resist pattern shows up — a 
pole — it is small, and since solid phase cannot deform easily, a resist pattern does not fall. In addition, if 
the pressure of an ambient atmosphere is lowered or made into a vacuum, since the rate to sublimate will 
become quick, when this solid-phase-ized rinse is made to sublimate in reduced pressure or a vacuum 
ambient atmosphere, it is excellent in throughput. 

[0016] although the operation at the time of making the above sublimate after making a rinse solid-phase- 
ize was described, after carrying out a rinse — a rinse — a displacing solution — permuting — the 
displacing solution — **** — the same — solid-phase-izing — even if it makes it sublimate and forms a 
resist pattern, it is good at the same reason. In this case, it being careful is making it not take out a resist 
front face from an oil level at the time of a rinse permutation. If a resist pattern takes out a face from an 
oil level, surface tension will work at the event, and it becomes the basis which starts the failure by the 
pattern. 

[0017] As a displacing solution, the 3rd butyl alcohol etc. is good. Since this ingredient is thoroughly mixed 
with water or a great portion of alcohol, it is the optimal as a displacing solution. Furthermore, the melting 
point is 25.4 degrees C as mentioned above, and it is very much easy to treat. Although this ingredient is 
alcohol, since it is higher alcohol comparatively, when that rate of bridge formation of the resist of a 
novolak system is also comparatively high, it does not melt a resist. 

[0018] Next, the operation by the 2nd means, i.e., an operation of the developer of this invention, is 
explained. The operation which prevents the failure by the resist pattern first is explained. 
[0019] The force of starting the failure by the pattern as mentioned above is the surface tension of a rinse. 
This force is generated when a rinse interface shows up between resist patterns, as the rinse got dry, and 
while the whole resist pattern is submerged in the rinse, this force does not act. Then, while the resist 
pattern is submerged in the rinse, resist reinforcement is raised, and it was made for a resist pattern to 
bear the surface tension which acts at the time of rinse desiccation in this invention. The reinforcement of 
a resist improves by the exposure of the light which raises the light or the degree of cross linking which 
stiffens a resist. Moreover, generally the bond strength of a resist and a substrate also improves by the 
exposure of this light. For this reason, if the light of the wavelength which raises the light or the degree of 
cross linking which stiffens a resist in a rinse is irradiated at a resist pattern, the failure by the resist 
pattern can be prevented. Although it is still said in a rinse that it is, since it is processing after the 
development which resist pattern formation finished, there is no change of the resist dimension by this 
optical exposure and a configuration. It is the point to have performed the optical exposure in the rinse. It 



is' after a pattern dimensions changing and already falling after rinse desiccation before a rinse (i.e., under 
development), and before that, if light is irradiated. 

E0020] Next, the operation which solves the problem of the temperature rise accompanying an optical 
exposure is explained. 

[0021] A dimension, a configuration, etc. of a resist are greatly influenced by the temperature of a 
developer. For this reason, temperature management of a developer is very important and temperature 
management not more than variation 1 degree C is usually performed. Since its dimensional accuracy of a 
resist pattern improves the more the more temperature variation is small, the development in constant 
temperature is desirable. If light is generally irradiated, temperature will rise. In this invention, since light is 
irradiated after development termination, although the problem of a temperature rise is not produced to the 
wafer (in the case of sheet processing), the following wafer is affected. Therefore, also in this invention, it 
is necessary to keep the temperature of the development section constant. Then, passing the rinse by 
which temperature control was carried out at the time of an optical exposure is continued, and the 
temperature rise of a wafer is suppressed. Unless a rinse gets dry. since surface tension does not act, the 
temperature control of it is possible between resist patterns, without toppling a pattern. Moreover, the light 
source is isolated from the development section and light is told with a fiber. This performs heat-source 
isolation. Furthermore, it is made not to cause a temperature rise by preparing the connection of the light 
source and a fiber in the middle of a fiber a heat ray cutoff filter. It is unnecessary, and since the diffused 
light is enough, even if especially the directivity of exposure light tells light with an optical fiber, it is 
satisfactory- 
[0022] 
[Example] 

(Example 1) The example of this invention is hereafter explained using dr awing 1 which is process drawing. 
As first shown in drawing 1 (a), the resist 2 was applied by the usual approach on the substrate 1 . Although 
the level difference is not formed in this drawing at a substrate, there may be a level difference. The usual 
heat treatment was performed after spreading. Here, 1 70-degree-C heat treatment for 20 minutes was 
performed, using PMMA (polymethylmethacrylate) as a resist. However, it does not pass over this on 1 
operation conditions, and it is not restricted to this. Next, as shown in drawing 1 (b), the exposure light 4 
was irradiated through the mask 3 at the resist 2 by the usual approach. Here, the X-ray was used as an 
exposure light. This may not be restricted to an X-ray, either and far-ultraviolet light, an electron ray, or a 
charged-particle line is sufficient as it. Ultraviolet radiation is sufficient as long as it is the resist exposed 
to ultraviolet radiation. Moreover, although the case where made the mask approach by a diagram and it 
exposed was shown, you may expose through a lens or a mirror. Next, negatives were developed by having 
piled the developer 5 on this wafer according to the usual approach, as shown in drawing 1 (c), and resist 
pattern 2a was formed into the developer. The mixed liquor which mixed isopropyl alcohol 2 to isoamyl 
acetate 1 as a developer was used. This developer is a liquid. Developing time was made into 3 minutes. 
This time amount is also only 1 operation conditions. Although the so-called paddle development which 
piles a developer on a wafer was performed here, the so-called DIP development dipped not only in this but 
in a developer may be used. A sink, a developer, and dissolved clearance of a resist were performed for the 
tertiary butyl alcohol 6 which is a liquid as shown in drawing 1 (d) after that on the wafer. That is, the rinse 
was carried out. Since the melting point of tertiary butyl alcohol is 25.4 degrees C, it is necessary to 
perform this processing at the temperature beyond this. Here, the rinse was carried out at 30 degrees C. 
Next, this wafer was cooled carrying out the liquid peak so that resist pattern 2a may not take out a face 
from this tertiary butyl alcohol after a rinse, as shown in drawing 1 (e), and tertiary butyl alcohol 7 was 
solid-phase-ized. Here, cooling temperature was made into 15 degrees C. However, this is also only 1 
operation conditions. Since it solid-phase-izes below 25.4 degrees C, what is necessary is just the 
temperature not more than this. However, since it solid-phase-izes so quickly that temperature is low, in 
this semantics, it is so good that it is low. If it is made on the other hand too much low, by the volume 
change by the temperature gradient, stress will be applied to a resist pattern and pattern collapse will be 
caused. Since the temperature at the time of development has big effect on a pattern dimension or a 
configuration, if possible, do not make it moreover, more desirable for the temperature of a development 
process to change. Processing in the range of 10 to 20 degrees C was effective from this. Maintaining at 
this temperature and making it not liquefy tertiary butyl alcohol, as tertiary butyl alcohol was made to 
sublimate and it was shown in drawin g 1 (f), resist pattern 2a was formed. Although it was possible to also 



fiave made it sublimate in atmospheric air, when it was made a vacuum or reduced pressure, the 
sublimation rate could be gathered, and it was effective. The 0.1 5-micrometer line & tooth-space pattern 
of 1 -micrometer thickness was able to be formed without pattern collapse by this processing. On the other 
hand, when the usual development was performed, pattern collapse arose, and a 0.1 5-micrometer line & 
tooth-space pattern was not able to be formed. That is, the processing same to the development by the 
developer as an above-mentioned example was performed, the rinse by isopropyl alcohol or water (these 
are liquids) was performed after that, and air drying, revolution desiccation, a vacuum drying, or when 
stoving was carried out, the pattern collapsed this liquid. 

[0023] In addition, although wafer cooling was positively performed in this example, that may not be right, it 
may use as a rinse at the temperature (for example, 27 degrees C) of extent which liquefies the 3rd butyl 
alcohol, and you may make it solid-phase-ize with heat of vaporization by making an ambient atmosphere 
into a vacuum or making it reduced pressure after that. Or air blasting etc. may be performed, evaporation 
may be promoted and you may make it solid-phase-ize with the heat of vaporization. It being careful at this 
time is making it resist pattern 2a not show up in a liquid condition. 

[0024] (Example 2) The 2nd example of this invention is hereafter explained using drawing 2 . As first 
shown in drawin g 2 (a), the resist 22 was applied by the usual approach on the substrate 21. The usual heat 
treatment was performed after spreading. Here, 170-degree-C heat treatment for 20 minutes was 
performed, using PMMA (polymethylmethacrylate) as a resist. However, it does not pass over this on 1 
operation conditions, and it is not restricted to this. Next, as shown in drawing 2 (b), the exposure light 24 
was irradiated through the mask 23 at the resist 22 by the usual approach. Here, the X-ray was used as an 
exposure light. This may not be restricted to an X-ray, either and far-ultraviolet light, an electron ray, or a 
charged-particle line is sufficient as it. Ultraviolet radiation is sufficient as long as it is the resist exposed 
to ultraviolet radiation. Moreover, although the case where made the mask approach by a diagram and it 
exposed was shown, you may expose through a lens or a mirror. Next, negatives were developed by having 
piled the developer 25 on this wafer, as shown in drawing 2 (c), and resist pattern 22a was formed into the 
developer. As a developer, the developer only for OEBR1000 (Tokyo adaptation shrine trade name) was 
used. This developer is a liquid. Developing time was made into 90 seconds. This time amount is also only 1 
operation conditions. Although the so-called paddle development which piles a developer on a wafer was 
performed here, the so-called DIP development dipped not only in this but in a developer may be used. A 
sink, a developer, and dissolved clearance of a resist were performed for the isopropyl alcohol 26 which is a 
liquid as shown in drawing 2 (d) after that on the wafer. That is, the rinse was carried out. This rinse may 
be performed with water. As shown in drawin g 2 (e) after that, the tertiary butyl alcohol 27 which is a liquid 
was dropped at this wafer, and it permuted by tertiary butyl alcohol from the rinse. Since the melting point 
of tertiary butyl alcohol is 25.4 degrees C, it is necessary to perform this processing at the temperature 
beyond this. Here, the rinse was carried out at 30 degrees C. It is made for a resist pattern not to take out 
a face from these liquid in this case. Next, this wafer was cooled carrying out the liquid peak so that resist 
pattern 22a may not take out a face from this tertiary butyl alcohol after a rinse, as shown in drawing 2 (f), 
and tertiary butyl alcohol was solid-phase-ized (28). Here, cooling temperature was made into 15 degrees 
C. However, this is also only 1 operation conditions. Since it solid-phase-izes below 25.4 degrees C, what 
is necessary is just the temperature not more than this. However, since it solid-phase-izes so quickly that 
temperature is low, in this semantics, it is so good that it is low. If it is made on the other hand too much 
low, by the volume change by the temperature gradient, stress will be applied to a resist pattern and 
pattern collapse will be caused. Since the temperature at the time of development has big effect on a 
pattern dimension or a configuration, if possible, do not make it moreover, more desirable for the , 
temperature of a development process to change. Processing in the range of 10 to 20 degrees C was 
effective from this. Maintaining at this temperature and making it not liquefy tertiary butyl alcohol, as 
tertiary butyl alcohol was made to sublimate and it was shown in drawing 2 (g), resist pattern 22a was 
formed. Although it was possible to also have made it sublimate in atmospheric air, when it was made a 
vacuum or reduced pressure, the sublimation rate could be gathered, and it was effective. The 0.15- 
micrometer line & tooth-space pattern of 1 -micrometer thickness was able to be formed without pattern 
collapse by this processing. On the other hand, when the usual development was performed, pattern 
collapse arose, and a 0.1 5-micrometer line & tooth-space pattern was not able to be formed. That is, even 
the rinse performed the same processing as an above-mentioned example, and after that, air drying, 
revolution desiccation, a vacuum drying, or when stoving was carried out, the pattern collapsed this rinse. 



The 3rd butyl alcohol could be positively solid-phase-ized under low temperature, but you could make it 
solid-phase-ize under a vacuum or reduced pressure like an example 1 also in this example. 
[0025] In addition, in this example, it can use, if it is the ingredient which does not dissolve in tertiary butyl 
alcohol, although PMMA was used as a resist, and it does not restrict to this ingredient. For example, AZ- 
PN -100 (Hoechst A.G. trade name) and SAL601 (cypripedium rhe company trade name) were also able to 
be used. Namely, apply AZ-PN -100 to a wafer, and the postexposure of the 120-degree-C heat treatment 
for 2 minutes is performed and carried out. 1 10-degree-C heat treatment for 2 minutes is performed again, 
and AZ312 developer (Hoechst A.G. trade name) is received. Water two After dipping in the added 
developer for 1 minute, The failure by the pattern was able to be prevented by permuting by the 3rd butyl 
alcohol, as it rinses for 5 minutes and does not dry, and sublimating the 3rd butyl alcohol after solid-phase- 
izing, without dissolving a resist. Moreover, if an optical exposure is performed during rinse processing, or 
refining on the front face of a resist is performed in after [ rinse processing ] liquid, and it is made not to 
dissolve in tertiary butyl alcohol, and it remains as it is, the resist dissolved in tertiary butyl alcohol can 
also be used. 

[0026] Although tertiary butyl alcohol was altogether used in the above-mentioned example, it does not 
necessarily restrict to this. For example, using water as a rinse, as a resist pattern does not show up on 
the way, this water is frozen at low temperature, and it is effective, even if it puts under a vacuum or 
reduced pressure after that and makes this ice (frozen water) sublimate. The 0.25-micrometer line & 
tooth-space pattern of 2 micrometers of thickness was able to be formed by this approach. The failure by 
the pattern is produced by the usual approach. However, when the roughness and fineness of a resist 
pattern are intense, or when a big level difference is in a substrate and this ice is used since a big volume 
change occurs in case a phase change is; carried out to ice from water, the failure by the pattern is 
produced. Since the volume change at the time of carrying out a phase change to solid phase from a liquid 
is as small as about 0.8% when tertiary butyl alcohol is used, such a problem is not produced. It is effective 
also when there is a level difference big also when pattern roughness and fineness are intense to a 
substrate, it needs to be alike occasionally at the time of micro machine parts production, and it is 
necessary to carry out it, and it needs to form a resist pattern on a substrate with a very big level 
difference. In this case, this approach is very effective. Although the volume variation which approves at 
the time of carrying out a phase change to solid phase from a liquid was dependent on the pattern and 
substrate level difference which it is going to form, 3% of volume change was permitted to the pattern of 
0.15-micrometer level. When the big micro machine parts of pattern NINGU of 0.1 -micrometer level or 
substrate level difference structure with a big substrate level difference were made, the volume change 
needed to be suppressed to 1% or less. Although adjustment of volume variation is obtained by mixing 
water with the 3rd butyl alcohol, it may not be restricted to this and a single ingredient is sufficient as it. 
[0027] Moreover, it is also possible to use the mixed liquor of water and the 3rd butyl alcohol for the rinse 
of an example 1 or the displacing solution of an example 2. In this case, the volume change at the time of 
the change to solid phase from the liquid phase becomes large, and although there is a demerit of 
approaching when that volume change is water, since the property to dissolve a resist decreases, the 
selection range of the resist which can be used spreads. For example, although it dissolved in the 3rd butyl 
alcohol liquid, even if it dipped NPRIambda18SH2 (Nagase& Co., Ltd. trade name) which is POJIREJISUTO 
for 10 minutes into this mixed solution by mixing the 3rd butyl alcohol with water to 1:1, it was not 
generated but resist ****** was effective [ SH ]. Moreover, the temperature at the time of solid-phase- 
izing from a liquid falls by mixing water with the 3rd butyl alcohol. Since it can adjust so that it may solid- 
phase-ize at 20 degrees C a little lower than the standard temperature of 23 degrees C of the curine room 
which is work environment by changing mixed concentration, or it, it is user-friendly. However, about this 
user-friendliness, it is not the thing of a mixed liquor proper with water, and it cannot be overemphasized 
that mixed liquor with other alcohol, a single ingredient, or a pressure is adjusted, and it may be made. 
[0028] Although it is the description to make a rinse or a displacing solution solid-phase-ize, the surface 
tension compares with it of about 22 dyn/cm and water the case of the 3rd butyl alcohol, and all above- 
mentioned approaches are piles to a lifting about desiccation, now the failure by the ** pattern in a liquid 
condition about 1 /because of 3. Since the resist of AZ-PN-100 grade is not dissolved unlike ethyl alcohol 
or isopropyl alcohol, it is effective even if it uses as a rinse of the usual approach. 

[0029] (Example 3) The example of this invention is explained using drawing 6 which showed the outline of 
an equipment cross section. The equipment of this invention consists of resist developer supply and the 



regurgitation device 61, rinse supply and a regurgitation device 62, wafer adsorption and a rolling 
npechanism 63, a wafer conveyance device (not shown), a drain and the exhaust air section 64, the optical 
diffusion lens system 65, an optical fiber 66, the heat ray cutoff filter 67, the light source 68, and a shutter 
69. Here, the extra-high pressure mercury lamp was used as the light source. The light source 68 has been 
detached and arranged from the location 70 which processes a resist directly, i.e., the development section, 
and performed thermal cutoff. 

[0030] Next, actuation of this equipment is explained. The wafer to which the resist was attached first is 
conveyed by the conveyance system, it carries on a wafer adsorption base, and a wafer 71 is adsorbed and 
fixed. Here, BLESTIV-7S of Hitachi Chemical Co., Ltd. were used as a resist. This is a resist of a negative 
mold which exposes to ultraviolet radiation and causes bridge formation. In addition, to this resist, the 
desired pattern was exposed by ultraviolet radiation. Not only ultraviolet radiation but an X-ray is sufficient 
as exposure light. Next, a developer is dropped and a developer is piled on a wafer. The developer used the 
tetramethylammonium hydroxide water solution usually used to this resist. Like the approach generally 
used at this time, the wafer was rotated at a low speed and the developer was piled in homogeneity all over 
the resist for a short time. Temperature control of the developer was carried out. This is the same as that 
of the usual approach. The developer stopped the revolution of a wafer after ********** sufficient on a 
wafer (about 5 seconds), stopped dropping of a developer further, and developed negatives in the condition 
for 2 minutes. The resist which breathed out the rinse to the wafer and was eluted in the developer or the 
developer was flushed rotating a wafer after that at a low speed. A rinse is water. After washing away for 
10 seconds, the shutter 69 was opened and the light of the light source 68 was irradiated through the 
optical fiber 66 at the resist pattern on a wafer. Since light spreads according to the diffusion lens system 
65 and the wafer is rotated, light is irradiated all over a wafer. Especially the directivity of exposure light 
does not become a problem. Also during this period, a rinse is rotated by discharge, during this period 
rotates a wafer at a low speed, and the wafer was filled with an always new rinse continually. Although the 
light of 30 J/cm2 was irradiated here, the temperature rise of a wafer and the development section was 
not accepted, but was able to control temperature within **0.5 degrees C as well as the case where it is 
usual [ without an optical exposure device ]. The temperature rise was not accepted even if it irradiated 
the light of 1 KJ/cm2. A developer and the waste fluid of a rinse are serially discharged from the drain 
section 64. After performing this rinse for 20 seconds, the high-speed revolution of the wafer was carried 
out, and the rinse was dried. Thus, the wafer which finished the development was taken out by the 
conveyance system, and a series of processings were ended. As a result, there was no failure by the 
pattern about the 0.15-micrometer line & tooth-space pattern of 1 -micrometer thickness, and it was able 
to form, without moreover spoiling dimensional accuracy. When the usual developer without an optical 
exposure device was used, the 0.15-micrometer line & tooth-space pattern of 1 -micrometer thickness 
collapsed, and was not able to be formed. In this case, the minimum pattern which can be formed without 
pattern collapse was a 0.2-micrometer line & tooth space. 

[0031] In addition, although the temperature rise accompanying an optical exposure was suppressed by 
pulling apart of the temperature control by rinse dropping, the development section by the optical fiber, and 
the light source, and the activity of a heat cutoff filter and the high temperature control was performed by 
this approach, even if it does not use these all, it cannot be overemphasized that a temperature control 
suitable for it is made. For example, even if it did not perform rinse dropping, the temperature control was 
able to be carried out at **0.7 degrees C. Moreover, although the optical fiber was used as a means which 
tells light from the light source to the development section, not only this but direct light may be flown, or 
you may tell through a mirror etc. Since an optical fiber is rich in flexibility, it is easy to manage and its 
merit is large in the semantics. In addition, although it was natural, when only one sheet processed a wafer, 
such temperature control is unnecessary and was able to acquire a desired resist configuration and 
dimensional accuracy also in this case. 

[0032] (Example 4) The same developer as the example 3 which replaced the lamp with the Xe-Hg arc lamp 
in which far-ultraviolet light appears from an ultrahigh pressure mercury lamp more efficiently was 
constructed, and the development was performed by the same technique. However, the positive type 
photoresist of a novolak system was used for the experiment here. The far-ultraviolet lamp of not only this 
lamp but excimer laser or microwave excitation is sufficient as the light source. It is important that far- 
ultraviolet light can be irradiated. Novolak resin constructs a bridge by far-ultraviolet light exposure, and 
the reinforcement of a resist increases. By using this developer, the 0.1 -micrometer line & tooth-space 



pattern of 0.5-micrometer thickness was able to be formed. When this processor was not used, pattern 
cpllapse took place, and this pattern was not able to be formed. 

[0033] (Example 5) The example of this invention is explained using drawing 7 which showed the outline of 
an equipment cross section. The equipment of this invention consists of resist developer supply and the 
regurgitation device 81, rinse supply and a regurgitation device 82, wafer adsorption and a rolling 
mechanism 83, a wafer conveyance device (not shown), a drain and the exhaust air section 84, and an 
array-like light exposure device 85. The light source is attached to the lens of list each [ device / array- 
like light exposure / lens / shape / of an array ]. It is made to have circulated through temperature control 
water in this exposure device, and lifting of the temperature accompanying an optical exposure is 
suppressed by this temperature control water. In addition, the direct light source is not attached to this 
lens group, and the light drawn from the light source is supplied to the lens of each [ an optical fiber ]. 
[0034] Next, actuation of this equipment is explained. The wafer to which the resist was attached first is 
conveyed by the conveyance system, it carries on a wafer adsorption base, and a wafer 86 is adsorbed and 
fixed. Here, BLESTIV-7S of Hitachi Chemical Co., Ltd. were used as a resist. This is a resist of a negative 
mold which exposes to ultraviolet radiation and causes bridge formation. In addition, to this resist, the 
desired pattern was exposed by ultraviolet radiation. Not only ultraviolet radiation but an X-ray is sufficient 
as exposure light. Next, a developer is dropped and a developer is piled on a wafer. The developer used the 
tetramethylammonium hydroxide water solution usually used to this resist. Like the approach generally 
used at this time, the wafer was rotated at a low speed and the developer was piled in homogeneity all over 
the resist for a short time. Temperature control of the developer was carried out. This is the same as that 
of the usual approach. The developer stopped the revolution of a wafer after ********** sufficient on a 
wafer (about 5 seconds), stopped dropping of a developer further, and developed negatives in the condition 
for 2 minutes. The resist which breathed out the rinse to the wafer and was eluted in the developer or the 
developer was flushed rotating a wafer after that at a low speed. A rinse is water. After washing away for 
1 0 seconds, light was irradiated according to the array-like light exposure device at the resist pattern on a 
wafer. Since the wafer is rotated, light is irradiated all over a wafer. Especially the directivity of exposure 
light does not become a problem. Also during this period, a rinse is rotated by discharge, during this period 
rotates a wafer at a low speed, and the wafer was filled with an always new rinse continually. Although the 
light of 30 J/cm2 was irradiated here, the temperature rise of a wafer and the development section was 
not accepted, but was able to control temperature within **0.5 degrees C as well as the case where it is 
usual [ without an optical exposure device ]. A developer and the waste fluid of a rinse are serially 
discharged from the drain section 84. After performing this rinse for 20 seconds, the high-speed revolution 
of the wafer was carried out, and the rinse was dried. Thus, the wafer which finished the development was 
taken out by the conveyance system, and a series of processings were ended. As a result, there was no 
failure by the pattern about the 0.15-micrometer line & tooth-space pattern of 1 -micrometer thickness, 
and it was able to form, without moreover spoiling dimensional accuracy. When the usual developer without 
an optical exposure device was used, the 0.15-micrometer line & tooth-space pattern of 1 -micrometer 
thickness collapsed, and was not able to be formed. In this case, the minimum pattern which can be formed 
without pattern collapse was a 0.2-micrometer line & tooth space. 
[0035] 

[Effect of the Invention] The failure by the pattern of a resist pattern especially the dense detailed resist 
pattern, or the high resist pattern of an aspect ratio can be prevented, and the yield and dependability 
improve. 
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l\, C(OZtiPh 1 0-C3CP&2 owiirofei^s 

50 ?S<tUtt^J:5«cb3Q:3W6. *=^;l/TJi/3-JU*# 
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m$1±-Cm2 (g) K^T<t^CCUixX h^£->2 2 

Xt, m$))X-$>itc. C©*&H(tJ:9 l um mm<DO. 

1 5 am5^>&X^-XM-£ ->©|*II£cL/ 

fc*§-&KW:^* 0. 15nm7^>& 

©y>x**a«5ttit. talis*;**. sm*an 10 

imETFlcie^X mmtz i*X «fc*>-?/c„ 
[0 02 5] tt*J*j|Jt0d-CBU^^ hil/tPMMA 

t >fc ^ ;u r ju 3 - ic&M o & t mnx $> 

htfffll^ctiitt, c©#*4«:|!g &&©-*?«&(,>«, 
m«AZ-PN-100 (^^FttBp a »S)^SA 
L6 0 1 (->t»^U-ttffia«) fefflt»-2>Ci*Sf# 
fc. «toWZ-PN - 1 0 O^^K^fcb 1 2 20 
0-C2#©?g^S£tfft-3fcf£&:ftU Ml 1 0'C2 
fr<DmMm&7ts:l,\ AZ 3 1 2^«® (-v*X hitig 
d d o« ) fc*f t*=& 2 2n*.fc£flliKIC 1 L>/c&. 5 ft 

wmx,. &fr2tjn.>£>!>< l cuxm3zr?-)i,T}i'=i-)i' 
«:g& u xm 3 ^ ;ut;u =1 - >\> *mmt®mmir *> c 

m±-?z c t&xztc. tztcj ^*m>>im*icmm* 
ir^tc*) . y >*?g*G®&?8f-e u^x h3iffi©&fi£ 

C o o 2 6 ] ±^©HiS^-Ct3:^-cmH7'5 1 Jl/T;U3- 

«y >x^tu-c7k ; &ffli\ jfc«t»-cu^ i- 

Mollis *t^<fc i 5K:LrCCD**<gS-C , ^31+, *© 

2 5 m m 7 -<> & X ^ - X / < £ - > £ ?f$fi£ -T -5. C <b A* "C 

*>6*fcffl^{bTrsiigfc*t&<*«^b#*3/c& > u 40 
M*i*^.JS^tcii. c©7K£ffli>fci§-£-«cW:. 

OX&M:tfim#>X*£tj;mfa±< l Cl'V>X b 

C©if£. c©^ffi«s«>rwsi)-c 
?K<**>p>HtlKtB^{b^Sf£©i*£?;*ft*<*Sg so 



«fBS¥7 -20 6 3 7 

10 

{ bfi«j UBS o<t^i-r^^-> -^atgis^ttf^-r & 

0. 1 5 umV-*.)\,<D>-t*-ls<<C*ilsX\3.3%<Dfc 
W£.ilDmnZt\1c. *£frSlSfS^©&-2>0. 1/im 

ffllx o fc. *«S^bfi©§iSttJfl 3 -7?->l>T 

^rj-ji/iTk^ii-^-rsciiKi^rtf^ns*^ eft 
[0 02 7] */c. m&ffli<D>j>zm*>zMt9mw 

SCikBjtl-C**. c©it^» £@ta^©^{b 
fc3F©f*«^b#** < & o . ^(D&a^ba^tDti^K: 
ia^K <tco^> y 9 h^&sfc©©. upxh^is 

-r£teft**4>& < fc&/ctf>. tefflT* iuyxh CWMJR 
®H*si£*ii 0 WBi|«yuj?» h-C*5NPRA 1 8 
SH2 (gi$tetgfl:i§D a o£) tzmszrrjVTJirzi-frWi 
ipX-mfg-tZW. fctm3 7?-)l'7>\'3->l' : &l ■■ IK- 

;i/r;U3-JUi*%il^-r4c i(c<fc 0^(*^6@fflfb 
r SISOiBJSWT* U&§kmZ%ZX. Z C t {c <fc »3 
^^•c*6^ y >;u-A©eiiiiJ«)&isg2 3*c. 
ir>«*ti«fc 2 o -c-rH+aYb-r s J: ^ (cgi^-r 

[002 8] ±.m.(o^mkt±x <J >Xffi*St»»g^?S 
^^{bS-ti-SCiJiiiltSi-C*^^ I3^^7^3 
-;U©lS^-. ^©SEfS^Aifi 22dyn/cmi*(D 
-enfctb^ l /3©fcat>. «f*tt.1|-c^;«?-r t^i jr 

iz-jiyjVri-j^titmfj:*). AZ-PN-100fOl/ 

yx h*^»s-t±%i>©-c. is©M©y >x«i L/ 

[0029] (HifiCT 3 ) *Rw<Dmmw*gmmm<D 
m^z^ofc^ezm^xiRwrz, *&BM<D$imt. 
bm&mms ■ ttttimme 1 . >*mm& ■ tt 

6 8*J«fcO'^f i» ^6 9<fcO^S. CCttt, 3feiS<tb 

[0030] ^(c*^g©«jfp?ri5iBj-r^» e 
h © w ^/c * >^mgkxm.m. lx #r * 
©±(cts-i*. -5*^7 i • Sets, ccruu 

hib-CH]LZ:{bfiStt©BLESTlV-7 S?rffll» 

fc. cn«^n^tc®^L>TS?ie*ec-r*^©u^ 



n 

ntl^f h7y^7>^fAk Ka*tM F*S 

/eft, t/tv^69 ^r^l^r^ 6 8 <D%*3tV r 4 * 
6 6 4jli;r^x^±(DU^X h-rC* — >CCflgWL/c 0 
*»ajftU>X»6 5«cj:0*t*»0, ifc^x/NftHIE 

**W6*.ma< ->*^cctt36sti*j:5eci/fc. ccr 
tt 3 o j / c m 2 oyftzmm vtcifiv * ^scn«a 

«t»)*£#as*i*. c©y>**2o#mfftrofc 

tft. 9»^«KaBlK3*ry>^fl[«KMLA:. CCD 
<fc 5 K 0 TSffc«ffli«r»to o ft 0 * ^ « JRSHRCC J: «9 &t 

0.15 Mm7'/>&^ / <-X;^->^;^>->gin 

a<, L^t>i-aisg4S&^ci^<, »jss-r*ci 

^CCfcfcl MmJ^ilCDO. I 5Mni7>(>&^^ 

[ o o 3 i ] «c*5 % y >*&?gTK<fc &a 

autre? ^^*O«fflCcj:0*JHWfc#5SaLJb»* 
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[0 0 3 2] (HjSSW4) 5>7"«:fi]SBE*iK*T3^6S 
<D#^S!:7* F US'* h£ffll>/c 0 *fflttC©^>^«: 

0. 5 m mfSMMCDO . 1 /zm7'f>&^-^^^> 

r^a^o/c. 

[0 03 3] 5 ) *»qg<D3gtM£S«Kffi<D 

u^xF3g«ffi«a&-tta««8 k y -tt 

*** y y 4 * r ® * <d u > x cc m *a ^ n £ <t ^ cc a o r 
[0034] »cc*»aM5ttfg*K9i-r*. *rut** 

i^X F <b It B AfbJAttCDB L EST IV- 7 S 

^«««c©u*x^ Fccj#ura«flBc*e> 

40 «cc, -5x/>*(KirEBE3ltru^x F^ffi«DS«FBI 
fc„ *©«-5*^*fiilr@IE3-&a3WiE>y>^«*^ 

^ /NCcttU 0T3H«a-^«jR«:«iii l/c u f a ^ 

50 6^x^^^®w:3fe«MS^3n€) 0 JHH51M>}Bl9lttl«i$Cc 
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/Co *<D«S*1 *imJ§J5<D0. 1 5/im70&X^ 
a*©*«8B*«ofc»^Ccttl mnBMKX). 1 5 

[0 0 3 5] 

mi] *«h©* 1 ©is»«*^"rxsH. 

[S3] 
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[05] U^X h^"^->®n(0«Sa«:inr^ # ^->Br 
ffigj£0 o 

[06] ^wsato^WfiSs^-rsetWrffiH. 
[07] *5oiissw«:*5ws*ai<Da*»fiS*svr« 

[fJ-SKDSMH] 

•»7X^ 5-3HWBL 6 

XK 2 2a-L/Wh^^->, 2 3-7X^, 24 
-IBfeJk 2 2 6- • U>*« (-/V^rptf 

;UTJl/=3-^) . 2 7-KfKK <«t*> . 2 8-SHft* 
(@*B) . 3 1 -ifi. 3 2-U^Xh, 3 2 a- US' 

3 4-K3636. 3 5-S 
MR. 3 6-y>X* <«(*> , 4 1 tt 

him 4 2-y>^««ie-rta««, 4 3»")x^ 

R*-HIEttfft. 4 4- KM> 4 5--)* 

/\ 5 6 1 • --SMtiKtttt • ttffl 

«S«, 8 2 •-• » >X«m» • ttt&WK. 6 

7 8 1 »-WimWtW& - ttttHM*. 8 2-9 
• RtttHftK. 8 3--)*^«*-®IEiBHt. 

8 4- FU 8 5-TU-tt*»8««ai. 
8 8—r>x^. 

[04] 
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